The quest for high-quality starch that would meet the needs of manufacturers is ever increasing. This study investigated the effect of steeping duration, drying temperature, and duration on the chemical properties of sorghum starch, to possibly alter the characteristics of sorghum starch for food applications. Steeping duration, drying temperature, and drying time of starch isolation were optimized using a central composite design and nine parameters including pH, amylose content, moisture, protein, ash, crude fiber, fat, carbohydrate, and total energy determined. Results obtained showed that most of the parameters were majorly influenced by steeping and drying duration. 
has been reported to have similar properties as that of corn and a potentially good source of raw materials for a wide range of uses (Beta, Corke, & Taylor, 2000; Beta, Obilana, & Corke, 2001; Emmambux & Taylor, 2013; Singh, Sodhi, & Singh, 2010; Srichuwong et al., 2017) .
Subsequent characterization and investigation of the properties of such starches is particularly important prior to industrial and food applications. Furthermore, the current demand for starches have been met by relatively few crops (Adeboye & Emmambux, 2016) , necessitating the need to explore other readily available sources like sorghum.
Sequel to this, this study was therefore carried out to investigate the effect of steeping duration, drying temperature, and duration on the chemical properties of sorghum starch.
| MATERIAL AND METHODS

| Raw material and sample preparation
Sorghum (Sorghum bicolor) grains used for the study were purchased from Lafenwa market in Abeokuta (7.15°N, 3.35°E), Ogun State, Nigeria. The grains were subsequently sorted and cleaned. Damaged grains, stones, and other extraneous materials removed and discarded.
| Optimization of parameters
Using a central composite design (CCD) on MATLAB statistical software (MathWorksInc, Massachusetts, USA), experimental sets were obtained to investigate the influence of three independent variables, steeping duration (X 1 ), drying temperature (X 2 ), and drying duration (X 3 ). The three-factor design gave a total of 15 experiments (Table 1) . Nine (9) responses namely, pH (Y 1 ), amylose content (Y 2 ), moisture content (Y 3 ), protein content (Y 4 ), ash content (Y 5 ), crude fiber (Y 6 ), fat content (Y 7 ), carbohydrate content (Y 8 ), and total energy (Y 9 ) were evaluated. The mathematical model describing the relationship between the independent variables in terms of their linear, quadratic and interaction effects is described by a second-order polynomial equation, presented in Equation (1).
where α o , α 1 -α 3 , α 11 -α 33 , and α 12 -α 13 are the equation regression coefficients for intercept, linear, quadratic, and interaction coefficient, respectively, x 1 -x 3 are coded independent variables.
| Sorghum starch production
The cleaned sorghum grains were steeped for different times (Table 1) using the procedure of Singh, Sodhi, and Singh (2009) with slight modification ( Figure 1 ). The sorghum grains were then wet-milled into a smooth paste and mixed with clean water (1:5, w/v), filtered through muslin cloth and allowed to settle. The supernatant was decanted, the sediment dewatered with cheese-clothe and the starch washed three times with water. The starch cake was broken, spread thinly on trays and dried in a hot air oven (Gallemkamp Scientific, UK) using the time and temperature combinations presented in Table 1 . The obtained samples at each of the experimental runs were subsequently sieved (through a 100 μm sifter), packaged in high-density polyethylene bags and stored at 4°C prior to analysis.
| Percentage starch yield determination
The percentage yield of the starch was determined according to the method described by Akanbi, Nazamid, and Adebowale (2009) . Starch yield (%) = (Weight of starch/weight of sorghum grain) × 100.
| pH
2 g of the sample was dispersed in 20 ml of distilled water. The pH was, thereafter, measured using a pH meter (WPH CD70).
| Determination of amylose content
Amylose content was determined using the methods of Williams, Kuzina, and Hlynka (1970) and Udachan, Sahoo, and Hend (2012) with optical density measurement (Spectrumlab 22pc, Rinch Industrial, China) at 620 nm.
| Proximate composition and total energy value
Moisture content of the samples was determined according to the method described by AOAC (2004 
| Statistical analysis
All analyses were done in triplicate and results presented represent the average of triplicate determinations, expressed as mean and standard deviation. The data obtained were analyzed by analysis of variance (ANOVA) using SPSS Statistics 22 software (IBM, USA). Significant F tests at (p < .05) levels of probability are reported. Statistical models were generated using Minitab 16 statistical software (Minitab Lt.
Coventry, UK) and were also used to execute ANOVA on the models at 5% confidence level. To validate the model equations obtained, the average absolute deviation (AAD), bias factor (B f ), and accuracy factor (A f ) were calculated using Equations (2)-(4). The coefficient of determination (R 2 ), was also obtained to compare the experimental and calculated values given by the models.
| RESULTS AND DISCUSSION
| Starch yield
The starch yield as affected by the steeping duration was evaluated immediately after steeping of the sorghum grains. As shown in Figure 2 , the starch yield was observed to significantly (p < .05) increase with steeping duration (12, 24, and 48 hr). This could mean that as steeping duration increased, there was more degradation of large molecular structures (Adebiyi, Obadina, Mulaba-Bafubiandi, Adebo, & Kayitesi, 2016; Adebo et al., 2017) , possibly leading to an increase in starch particle size which contributed to the increase in starch yields.
This might also be attributed to the dissolution or breakage of bonds between the protein and starch leading to better starch separation.
| Statistical models and validation
This study investigated the effects of independent process variables [steeping duration (X 1 ), drying temperature (X 2 ), and drying time (
on the production of starch from sorghum. Parameters determined
, and total energy (Y 9 ) and the different models representing each provided in Equations (5)- (13). Table 2 ).
R 2 values should be at about 80% to have a good fit of the model and the closer it is to 100%, the better the empirical model fits the actual data Sobowale, Adebiyi, & Adebo, 2017) .
Nevertheless, other parameters of predictive models in biological systems that measure the relative deviation from the observed (experimental) and predicted (calculated) parameters were determined and acceptable results (Table 2 ) still allow for a valid model and interpretation. As observed, the relative closeness of the bias factor (B f ) and accuracy factor (A f ) to unity (1) and that of average absolute deviation (AAD) to zero indicates reasonable agreements between the predicted and observed parameters Sobowale et al., 2017) .
| pH and amylose content
It was observed that as the steeping duration increased, the pH value of the sorghum starch samples decreased (Table 3 ). This suggests increased hydrolysis and accelerated action of microorganisms leading to the recorded drop in the pH values. As observed from the regression coefficients of the pH model (Y 1 ) ( ) of steeping duration had respective negative and positive significant effect (p < .05) on the pH of sorghum starch. The surface plots on Figure 3A also show that an increase in steeping duration would cause a decrease in pH. Both drying temperature and duration were observed not to have a pronounced or significant (p < .05) effect on the pH because all sample are still in the same medium.
Amylose is an important parameter and component of starches.
They play major and significant role in pasting, gelatinization, swelling, gel firmness and viscosity, contributing to the strength, and behavior of the sorghum starch. The amylose content of the sorghum starches ranged from 20 to approximately 30% ( influenced rearrangement of the starch molecules, thereby contributing to reduction in the amylose contents. Gelatinization at relatively higher temperatures (Singh et al., 2009 (Singh et al., , 2010 and possible formation of complexes and intermolecular interactions (Sun et al., 2014) might have equally contributed to the observed changes in amylose content. During the steeping process of cereals, complex structures, and nutrients are usually degraded by endogenous microorganisms (Adebiyi et al., 2016; Adebo et al., 2017) and can also be attributed to the trend of amylose content observed in this study. Considering the coefficients of regression of the model, only the linear effect of drying temperature (X 2 ) and the quadratic interaction effects of steeping and drying duration (X 1 X 3 ) and drying temperature and duration (X 2 X 3 ) significantly (p < .05) influenced the amylose content. This is also reflected in the surface plot presented in Figure 3B , in which the parameter was observed to increase with increasing steeping duration, drying temperature and reduce with increasing drying time.
| Proximate composition and energy value
The proximate composition of the sorghum starch samples is presented in Table 3 . The results obtained were relatively comparable with the proximate composition of sorghum starch reported by earlier authors (Udachan et al., 2012; Zhu, 2014) . These contents ranged between 12% and 14.71% (moisture), 5.03%-7.4% (protein), 0.42%-0.5% (ash), 1.14%-1.84% (fiber), 1.49%-5.2% (fat), 74.11%-77.87% (carbohydrate), and 342.4%-369 kcal (energy values) (Table 3) . Considering the regression coefficients (Table 2) , only the linear negative effect of drying duration (X 3 ) was significant (p < .05) on the moisture content of the sorghum starch, suggesting that an increase in drying duration yield a decrease in moisture content and vice versa ( Figure 3C ). Such decrease would likely give the product a better keeping quality thus prolonging its shelf life. As anticipated, only the positive linear and quadratic effects of steeping duration (X 1 and X 2 1
, respectively) had significant (p < .05) effect on protein content (Table 2 ). The surface plot ( Figure 3D ) and results obtained ( Table 3 ) further indicates that increase in the duration of steeping increases protein. This trend can be due to the depolymerization of the protein molecules and accumulation of amino acids with steeping (Adebiyi et al., 2016) .
It was further observed that the linear effects of steeping and drying duration (X 1 and X 3 ) had significant (p < .05) effect on the ash content, steeping duration, and drying temperature (X 1 and X 2 ) on carbohydrate and only that of drying duration (X 3 ) on the energy values (Table 2) .
While increase in the ash contents could be due to losses of dry mater (Uvere, Onyekwere, & Ngoddy, 2010) , higher carbohydrate contents could be attributed to the conversion and solubilization of high molecular weight carbohydrates to simpler ones. Increases in these contents are desirable in starches, especially for use in the formulation of pastries, bakery products, use in gluten free products, and other food applications. None of the linear, quadratic or interaction effects had a significant effect on the crude fiber and fat content of the sorghum starch samples (Table 2 ). The surface plot of both parameters nonetheless shows the influence of the variables on them. The role of fat/lipids in starches and cereals have been acknowledged by other authors as being able to influence the swelling and pasting properties (Goering, Jackson, & De Haas, 1975; Thongngam & Chanapamokkhot, 2007) .
| CONCLUSION
Sorghum is an inexpensive, readily available source of food and an alternative starch source. Results obtained in this study suggest the susceptibility of the investigated sorghum starch parameters to steeping duration, drying temperature, and duration. Changes in the various parameters determined may be attributed to structural changes, molecular disruption and disintegration, probable modifications in 
